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(1) 215 where M and O represent monthly mean model simulated and observational concentrations at site 216 i respectively, and ∑ is the sum over all the sites within a source region. 217
In general, the model simulated surface BC concentrations agree with observations to within a 218 factor of 2, consistent with previous studies (Huang et al., 2013; Wang et al., 2011 Wang et al., , 2014a Wang et al., , 2014b . 219
A total of 41 surface BC observational sites are used to evaluate the model simulation over India 220 (Fig. 1a) . On average, the model underestimates surface BC concentrations by approximately 45% 221 and 34% over urban and rural sites respectively, with a total NMB -41% (Fig. 1a) , which implies 222 a marked underestimation of the BC emissions in India. Previous modeling studies have also 223 discrepancy is related to a sampling bias because the majority of the observations are located over 226 urban or heavily polluted regions. For China sites, the NMB value is -16% (Fig. 1b) . Similar to 227 India, the model substantially underestimates the surface BC concentrations over urban sites with 228 a NMB of -30%. However, the model performs relatively well over rural areas, with a NMB close 229 to zero. For IMPROVE, the NMB values for rural and urban sites are -15% and -43%, respectively, 230 with a total NMB -28% (Fig. 1c) . Over Europe, the model simulated surface BC concentrations 231 agree quite well with observations, with a NMB value of -8%, although two urban sites show 232 substantial model underestimation (Fig. 1d) . Figure 2 shows the evaluation of simulated surface OA against observations. Over 236
East Asia, the model slightly underestimates observed OA, with a NMB of -8.5 ± 5% (± represents 237 modeled temporal standard deviations for n=5 run years) (Fig. 2a) . In contrast, the simulated OA9 value of 124 ± 24% (Fig. 2b) . For the European sites, we find a simulated OA overestimation of 240 measured concentrations by up to 0.9 ± 0.7 µg m -3 , corresponding to a NMB of +32 ± 26% (Fig.  241   2c) . America, Europe, Australia and remote regions. Over India, the simulated annual mean AOD is 246 lower than observations by about 16 ± 3% (Fig. 3a) , with large bias sources mainly from the 247 northern India regions (e.g., New Delhi and Kanpur). This is consistent with Quennehen et al. 248 (2016) who also reported that model simulated AOD values were generally lower than satellite-249 derived AOD over northern India, using the same emission inventory as our study. As pattern is found over China (Fig. 3b ) and the rest of Asia (Fig. 3c) , with NMB values of -21 ± 4% 258 and -15 ± 6% respectively. Model simulated AOD values from several sites in West Asia (Fig. 3c ) 259 are higher than observations, which is probably caused by the model overestimation of dust 260 emissions (He and Zhang, 2014) . This directly leads to annual mean model simulated AOD values 261 over Africa 25 ± 11% higher than observations because Saharan dust emissions dominate the AOD 262 over North Africa (Fig. 3d) . For South America, the model generally agrees quite well with 263 observations (Fig. 3e) , except for a few sites where model simulated AOD values are lower than 264 observations by more than a factor of 2. This is probably due to the model underestimation of 265 biomass burning emissions there (Reddington et al., 2016) . AOD values over North America ( 3.4% respectively, of the total POM emissions (Table 3 ). In our control simulation, the annual 294 mean POM burden is 0.66 ± 0.006 Tg, and the global annual mean POM lifetime is 4.8 ± 0.045a) and for global ( The DRE from Indian solid fuel cookstove emissions also corresponds to a net warming effect 323 ( , which is 29-64% higher than the 375 DRE values from the default scheme (Fig. 6) , which is about an order of magnitude higher than that from the default scheme. We compare our simulation results with previous studies as shown in Figure 10 . The globally 461 averaged DRE in our control simulation is more than four times higher than that from the baseline 462 simulation of Kodros et al. (2015), which assumes homogeneous particle mixing state (Fig. 10) . 
